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Abstract 
Several gigabytes of medical imaging information are generated daily in a medical imaging center. It is necessary 
to store,  process and analyze the collected information as quickly and easily as possible, using the available 
information effectively. In this paper we describe the development of a database of PET/CT studies designed with 
the goal of allowing not only to analyze the images themselves, but also the metadata associated with it (stored in 
the examination file headers) and new metadata generated from image processing and classification algorithms. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
CENTERIS/HCIST. 
 
Keywords: database; medical image; PET/CT; metadata; hybrid model; interface; 
 
 
* Corresponding author. Tel.: +351-913048744. 
E-mail address: raquelmarisa3@hotmail.com. 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of CENTERIS/SCIKA - 
Association for Promotion and Dissemination of Scientific Knowledge Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
913 Raquel Trindade et al. /  Procedia Technology  5 ( 2012 )  912 – 921 
1. Introduction 
The manner how information is stored and organized is essential in order to obtain the desired feedback 
from it in an efficient way. The databases are a common and easy way to do it, and give us the possibility to 
manipulate, analyze, correlate and visualize the stored data. 
A Medical Image is a representation of the whole or a part of the human body, depicting morphological 
and/or functional information usually with the purpose of clinical diagnosis, therapy and research. The 
medical image databases created so far usually only store the image and do not explore the potentialities of its 
meta-information. Generally, they are accessed with simple image viewers, which permit only to do image 
visualization, panning, resize, zoom in/out and a few other simple tasks. 
The aim of this project consists in creating a medical image database, not only with the images itself, but 
also with the metadata stored in the headers of the exam files, and new metadata obtained from the application 
of various image processing, image analysis and classification algorithms to the available data. 
The proposed challenge was to collect the information of the PET/CT exams acquired at the ICNAS 
imaging center of the University of Coimbra until the present day, and organize it in the best way to achieve a 
computing platform that allows to apply methods of statistical analysis, image processing (segmentation, 
exams visualization and analysis, tracking of tumors, etc.), data mining, extraction of correlations, and other 
kinds of data manipulation that can be implemented. The database should allow to easily add new information 
calculated from these algorithms, while preserving the privacy of the patients and restricting the information 
access only to authorized personnel. 
2. PET/CT Procedure 
Positron Emission Tomography with Computed Tomography (PET/CT) is a hybrid technique of Nuclear 
Medicine used for diagnosis, staging, therapy monitoring and assessment of recurrence in Oncology, as well 
as in many other applications in Neurology, Cardiology, Pharmacology and research.  A single acquisition of 
this type can generate several hundreds of PET functional images (which provide an earlier and more accurate 
diagnosis) associated with anatomical references from CT (also several hundreds of images). [2], [3] 
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Fig. 1. Representation of the chemical structure of some PET tracers (the circles highlight the positron emitting isotope that is used to 
locate the molecule). Each substance permits to study particular functions of the body related with the path of the molecule and the 
biochemical reactions where it participates 
The PET/CT procedure begins with the selection of an appropriate tracer (a pharmaceutical labeled with a 
positron-emitting radionuclide - Fig. 1) that is injected into the patient. Usually after an uptake period, where the 
molecules distribute in the body, the patient is then positioned into the scanner (usually with a cylindrical 
arrangement of detectors) and the acquisition of the images starts, a process that can take from less than 10 
minutes to more than 30 minutes, depending on the patient, the clinical application (and corresponding 
acquisition protocol) and the characteristics of the machine where the scanning is being performed. [2], [3] 
 
Fig. 2. Sequence of events in a PET/CT procedure. (a) Representation of the signal in PET (detection of true coincidences): two 511 keV 
photons are emitted in opposite directions from the annihilation of a positron and are detected almost simultaneously, without interacting 
in the patient. (b) CT and PET scans are performed sequentially in time. In PET, the multiple detectors (scintillation crystals) in 
coincidence define millions of Lines Of Response (LORs), each counting true coincidences. (c) The response lines are grouped into sets 
of parallel LORs corresponding to multiple views of the radioisotope distribution (projections). The various projections from 0° to 180° 
can be observed as a sinogram. The projection data are then reconstructed to produce the final images. (d) Whole body PET/CT coronal 
slice, performed with FDG, whit two visible tumors in the lungs 
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During this period of time, physically speaking, the following happens: 
1. As positrons emitters are isotopes deficient in neutrons which reach their stability through the 
transmutation of a proton of its nucleus in the combination neutron+positron+neutrino, they will be emitting 
positrons. 
2. An emitted positron will lose energy through interactions with the surrounding tissues, until it 
annihilates with an electron. 
3. In each annihilation, two gamma rays are emitted in opposite directions and may be detected in 
coincidence (Fig. 2-a) by two detectors. 
4. Many pairs of coincident photons (Fig. 2-b) are detected and usually stored in matrices (sinograms), 
where each element represents a line of projection of the activity distribution in the patient at a specific angle 
and radial position (Fig. 2-c). [2] 
    Finally, an image reconstruction algorithm is applied to the sinograms to recover the distribution of 
radioactivity in the form of a series of images, thus indirectly mapping the functional process (Fig. 2-d) that 
created the positron emitter distribution. [2] The CT study that is performed in the same system complements 
the PET information, helping in the localization of lesions and in the correction for the attenuation of 
radiation. 
3. Equipment/Technology 
The images in the database are from a Philips  GEMINI GXL PET/CT scanner (Fig. 3). It is our intention 
to expand the database to other existing imaging equipment at ICNAS. 
 
 
Fig. 3. Philips  GEMINI GXL scanner used to acquire PET/CT exams at ICNAS 
This equipment provides a variety of files types with information relating to technical aspects of the 
examination (several types of log files, calibration files, etc). Those of interest for this study are the ones with 
‘.img’ and ‘.syn’ extension, which correspond to reconstructed PET and CT images respectively (Fig. 4). 
These  files store not only the acquired image in the medical examination but also data related to the 
conditions under which it was made, from the patient who has carried out it, to the doctor who requested it, 
acquisition settings and counting statistics and other specific information for each of the several slices that 
compose it. This information is recorded in the file headers. 
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Fig. 4. Structure of a study file (reconstructed image volume) in the imagio file format. It consists of a main header, a number of directory 
records (each directory record is organized as a 16-byte header followed by as many as 31 16-byte entries) organized in a linked list, and 
data records representing matrices. Additional extended header data is stored as a directory entry (a directory entry is organized as a 16-
byte header containing information pointing to the data records). Because the header is the first data written to an image file, the extended 
header is created as the first directory records of the file. The fundamental data structure in this format is the matrix, a concatenation of a 
512-byte sub-header and a block of data records (always written as 2-byte (signed short) variables) that contains a slice from an image. 
This matrix is indexed by the slice, tilt, and frame number and may occur at any position of the file. Directory structures are maintained 
to indicate the file records that are used to store a particular matrix. There are only two pre-determined locations in an image file: the first 
is that the original main header occupies the first 512 bytes of the file and the second is that the first directory structure is stored in the 
second 512 bytes. The organization of the remaining blocks of data (records) can vary. However, it is assumed that data for a matrix is 
written contiguously. The images are typically, but not limited to, 144 x 144 (576 FOV) or 128 x 128 (256 FOV) arrays, with the columns 
of the array corresponding to the rows of the image (for example, in row-major form). The first element of the array corresponds to the 
upper left pixel in the image. Images may be compressed (manually or automatically) in the PETView  software. In this case, the data is 
compressed before it is written to a file. The main header, sub-header and directories are never compressed [1] 
To be possible to access such information, Philips  also supplies a series of tools (named Luminary Tools) 
that allows to extract the data which are stored in fields with a specific number of bytes in the main header 
(one in each ‘.img’ file) and in the sub-headers (one in each slice, several in each ‘.img’ file) of each file. 
These routines are developed in IDL , MATLAB  and in an ImageJ Pet Reader  Plug-in. In the scope of this 
project we chose to use the MATLAB  version which allows not only file reading but also writing. The 
metadata (header information is collected from all the reconstructed image files from all studies, according to 
its byte map (example shown in Fig. 5), and introduced in the corresponding fields of the generated database. 
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Fig. 5. Example of a part of the byte mapping of a main header [1] 
For each acquisition many files are also generated in the DICOM - Digital Imaging and Communications 
in Medicine - standard (‘.dcm’ extension). However, these are not, for now, being used by our database. Only 
certain parameters/variables characteristics of the DICOM format (only tags that are not redundant for the 
imagio format that we are using), which are present in the headers of each ‘.img’ file, are stored in it. 
We are using the format imagio because the database is primarily for research and this is the format that 
best guarantees that we had all the data and metadata. 
4. Data Organization and Storage 
Nowadays the most common way to organize and archive information is by building a Database 
construction.  These storage platforms allow us to store the information in a structured and correlated way, 
enabling the data manipulation (alteration, addition and elimination) in a rapid and simple manner. 
Therefore, we proceeded to the construction of a database with the necessary fields for archiving all the 
image data extracted from the PET/CT files (but not the image itself - only the place where it is archived is 
saved in the database). The organization of the database was made according to the subjects grouping 
suggested in the Philips Luminary Tools  document1. This information, present in all the files, was introduced 
as a fixed structure with the various entities linked among each other: the traditional Relational Conceptual 
Model of a Database. However, this model proved to be insufficient for the needs of easy expansion that we 
desired, so that it would accommodate new data extracted with image processing algorithms, coupled to the 
characteristics of the medical information, whose volume and dynamism are in permanent evolution. This 
issue will be discussed in the next section. 
The images themselves are not stored in the database as binary because it would not be efficient. Since we 
already have the files stored in a physical memory aside, is more convenient to read them directly from the 
directory where they are stored. This directory is stored in a database field to facilitate the image reading by 
accessing the database. Thus, the metadata is stored in the database for efficient searching but the actual data 
remains stored in a file system. 
5. Database Model 
There are three main possible models of a database implementation: the Relational model, the Entity-
Attribute-Value (EAV) model and the Hybrid model, which is a mixture of the previous two. The first one is 
of fixed structure but permits to relate the information in a more comprehensive way, unlike what happens in 
the EAV model, where it is necessary to implement a user interface that gives the perception of the data 
organization to the operator. Nevertheless, this model is the most widely used in hospital environments 
because it is flexible, i.e., it is possible to add and remove variables without changing the root structure of the 
database. [4] 
In our case, the best solution was to implement a hybrid model in order to take advantage of the other two, 
thus rectifying its individual flaws. The relational conceptual model is ideal for storing the data that are 
common to all files and that correlate among each other hierarchically, while the EAV model allows to create 
tables where new variables can be added related to the major entities included in the relational model. 
At this moment we have a conceptual model with the structure shown in Figure 6, containing 349 fields, 
that hold the information extracted from the study files and information relating to the users of the database, 
the description of the variables included in it, the description of the routines that can be applied for processing 
the information stored therein, the results of these processing, and any new information that may arise relating 
to a patient, an examination or a slice and whether it is numeric or of a character type. 
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Fig. 6. Simplified scheme of the developed database structure. The relational part of our hybrid database model is composed of a ‘Patient 
Information’ entity, a ‘Processing’ entity, a ‘Study Information’ entity with its various children-entities, according to the information 
hierarchical model (they inherit the primary key of the parent entity, i.e. the study identifier and, in the ‘Sub-Headers Global Parameters’ 
inheritance, the sub-header ID).  We created a ‘one-to-many’ relationship between the ‘Patient Information’ and the ‘Study Information’ 
entities, so that the same patient could match several examinations, while each study corresponds to one and only one patient. This 
relation is mandatory in the direction from the study to the patient, because a study has to belong necessarily to a patient, but a patient 
may not have done any examination yet. We also created a ‘Processing’ entity, thinking in the future data manipulation, in order to make 
possible to process the various examinations several times (‘one-to-many’ relationship between the study and the processing, in order to 
each study be able to be associated with various processing, and each processing be associated to one and only one study; each processing 
is  forced to be linked to an exam, but an exam may have no processing associated with it – mandatory in the direction of the processing 
to the study), and store the results of these processing in our database. In addition to these entities, we joined a few more with an 
administrative character, so that the database can store information relating to its users, the variables that belong to it, and the processing 
routines that have been or will be applied to the study meta-information or image. There are EAV tables for each one of the relational 
model primary keys 
6. Software Used  
To proceed with the construction of this conceptual model in the electronic format, with the respective 
physical model generation and with the generation of the database itself from the last one, we used the Sybase 
PowerDesigner  program. It uses the PostgreSql  as programming language, and the database is manipulated 
through the interface pgAdmin III . 
Once the database was generated, we developed MATLAB  routines to: 1) call the extraction programs of 
data supplied by Philips , 2) read all the files in the directory of the exams storage, 3) organize the extracted 
information and 4) fix certain parameters in order to facilitate their entry into the database. 
Having the database duly filled, we started to explore the best way to establish the contact between it and 
the user, to provide its easy reading, manipulation and understanding, thus enabling research studies on the 
data and perhaps to draw statistical conclusions that help to prevent future errors. 
7. Access and Sharing Information – User Interface Development 
As the routines for extracting and charging data were developed in MATLAB , and also because of the 
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features of this programming language in Image Processing, among other potentialities (due to its numerous 
Toolboxes), we chose to develop the interface to access the Database in this software. 
We present below (Fig. 7) an outline of the menu sequence created, as well as a brief description of their 
functionality. 
 
 
Fig. 8. Diagram of the interface menus 
 
For the moment, the database only allows access to a single user at a time, and the execution of a single 
task continuously (i.e., if the execution is interrupted, the results of the data processing are ignored). 
However, after the data processing or while performing a search or processing an image, the results remain 
stored in the database or in files (which directory is referenced in a database field), and therefore stay 
available for further study and utilization by other operators on the data. 
Note that this availability is restricted with respect to personal information of the patients, in order to 
preserve their privacy. 
8. Processing and Data Analysis  
One of the most powerful tools of the database is the possibility of integration of other MATLAB  
routines (or eventually from other programming languages), possibly developed by other programmers, to 
process the data stored on it. Thus, for example, results of image segmentation tools can be calculated and 
added to the database, allowing new analyses and software tools to be made, further extending the 
possibilities of the database. 
There are also a number of Administrative Tools available to undertake the management of the stored 
information. They permit to add and remove users, patients, exams, processes and routines. 
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We developed a routine to automatically update the database. It performs the automatic addition of the 
new exam files in the system's physical memory, and the removal, also automatically, of exams that have been 
deleted from that location. 
There is also a tool that searches for redundant elements in the patients enrolled in the Database level. This 
algorithm looks for tests that have been performed by the same patient and then agglomerate them. This 
routine searches, at the same time, to eliminate possible errors in the introduction of the patients' names and 
birth dates. 
It is also possible to change information in specific fields of our database, but only to users with the 
knowledge to do so. Each user can change and manage the personal information contained in its registration 
in the database. 
Finally, and still under development, we have tools that allow to carry out searches in accordance with 
values of variables chosen by the user, to visualize exams and process the image, and  to perform statistical 
processing of certain parameters contained in the database. The image processing functionalities are still 
under development but, at the initial stage, it permits to view one or several images at a time and perform 
some basic actions such as panning, choosing the color palette, resize, zoom in/out and change 
contrast/luminosity; in the future the ambition is to perform image improvement (with different kind of 
filters), object counting, object tracking (or simply shape detection), image segmentation, classification, 
PET/CT co-registration and other tasks. 
9. Conclusion 
 We are developing a platform to store, integrate and analyze medical image information, with the option 
of safely sharing it (and the data that results from further processing) with other specific authorized users, if 
needed. These operations always involve the necessary restrictions to protect the personal information of 
patients. 
At an institutional level in a research imaging center, the database allows to monitor procedures 
(performing errors detection and optimization of procedures and protocols) and to be used as a learning tool to 
new investigators, helping them to gain experience in analyzing and interpreting many exams (because the 
database's large number of tests permits to better assess the data variability and to analyse in detail many 
different specific situations). 
As the amount of medical imaging information increases, it is increasingly important to undertake 
initiatives to save and organize the information in order to succeed on easily extracting conclusions from it 
and to correct, modify and improve future procedures, facilitating and optimizing the access to such medical 
examinations as well as the routine involved on its realization. 
10. Future Work 
In the future we intend to integrate on this database not only images of PET/CT but also images from other 
modalities practiced in our institution, such as Positron Emission Mammography (PEM), Single Photon 
Emission Computed Tomography (SPECT) and Magnetic Resonance Imaging (MRI). An even more 
ambitious target is to integrate images from other institutions, allowing for the comparison and eventual 
pooling of studies in order to perform more meaningful analyses of patient groups. 
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